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Introduction
The issue of conducting fiscal policy in a monetary union is longstanding. Fiscal discipline and fiscal restructuring in a monetary area have been the subjects of many theoretical and empirical studies in the developed world, particularly in the European Union. For example, many studies have been conducted on the determinants of excessive deficits in the euro area (e.g. Castro, 2007; Tiryaki, 2008; Bayar, 2001 Bayar, , 2009 Huges-Hallet and Lewis, 2004, 2005) .
However, to our knowledge, such topics have been scarcely explored in the context of African monetary unions such as the CFA 1 Franc Zone. This study aims to fill this gap.
The CFA Franc Zone was created in 1945 during the Bretton Woods agreement and it currently comprises 14 Sub-Saharan African countries that belong to two separate monetary areas: WAEMU (West African Economic and Monetary Union) and Economic Community of Central African States (ECCAS). These countries are also classified as the most vulnerable developing countries to natural and external shocks (see Guillaumont, 2009 Guillaumont, , 2011 .
The present paper investigates whether this vulnerability of CFA Franc Zone countries matters for their public indebtedness. In other words, we rely on the budgetary institutional criteria (especially related to debt) set up in 1999 by WAEMU member countries and adopted by the end of 2001 by ECCAS members to explore whether the structural vulnerability of these countries matters for their excessive debt.
The remainder of the paper is organised in the following way. Section 2 presents a brief overview of the institutional arrangements of the CFA Franc Zone's monetary unions. Section 3 summarises the state of the literature on the definition and measurement of the concept of 'economic vulnerability' in order to derive our vulnerability index. Section 4 is devoted to some data analysis. Section 5 reviews the literature on debt sustainability, -since the setup of the institutional debt rule within the CFA Franc Zone aims at helping countries maintain a sustainable path of their public debt -, and sets the stage for the model used. Section 6, based on Section 5, describes the empirical model and discusses the expected signs of the variables and the econometrics technique. Section 7 presents the empirical results and Section 8 concludes.
1 CFA was defined as 'Communauté Française d'Afrique', but is now known as 'Franc de la Communauté Financière d'Afrique' for WAEMU area and 'Coopération Financière en Afrique Centrale' for ECCAS area.
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Institutional arrangements of CFA Franc Zone countries
Of the 14 Sub-Saharan African countries in the CFA Franc Zone, 12 were once French colonies. Formally, these countries belong to two separate monetary areas (WAEMU and ECCAS) and share two single currencies that hold the same acronym, the CFA Franc. Thus, the CFA Franc is issued and managed by two regional central banks: the Central Bank of West African States (known as BCEAO in French) and the Central Bank of Central African
States (known as BEAC in French). These two CFA Francs were by design initially pegged at the same rate to the French Franc in 1948, and since 1999 to the Euro, following the creation of the euro area. Since the inception of the CFA Franc Zone, the French Treasury has guaranteed an unlimited convertibility of the CFA currencies and participated on the executive boards of the two regional central banks. The counterpart of this guarantee has been the obligation of each central bank to maintain a proportion of its official reserves (50% for BCEAO and 65% for BEAC) in an operation account at the French Treasury.
In line with the adoption by the European Union of the Maastricht treaty 2 in 1992, and recognising the crucial role of fiscal policy management in achieving macroeconomic stability, sustainable growth and macroeconomic convergence, both WAEMU and ECCAS have adopted a set of measures. In 1999, WAEMU member countries adopted a regional 'Convergence, Stability, Growth and Solidarity Pact', which defines a set of primary and secondary convergence criteria pertaining to public finance, the real sector, the balance of payments and common currency (the list of these criteria can be found in Adedeji and Williams, 2007 Accordingly, the two monetary areas share a set of primary criteria within the CFA Franc Zone. However, while a directive imposes sanctions against a WAEMU country's noncompliance of a primary convergence criterion, such a sanction measure does not exist for
ECCAS. The primary criteria include: -
The ratio of the basic fiscal balance to nominal GDP must be in balance or in surplus.
In the same vein, several studies of Patrick Guillaumont (see e.g. Guillaumont, 2009; Guillaumont and Cariolle, 2011) have been conducted on the issue of 'economic vulnerability' where he defines 'the economic or structural vulnerability of a country as the risk of a (poor) country seeing its development hampered by the natural and external shocks it faces'. Two main types of exogenous shocks (in other words, two main sources of vulnerability) are therefore considered:
-the environmental or 'natural' shocks which encompass, for instance, natural disasters (earthquakes, volcanic eruptions) and the more frequent climatic shocks (typhoons, hurricanes, droughts, floods, etc);
-external (trade-and-exchange-related) shocks which comprise, for instance, slumps in external demand, world commodity price instability (and correlated instability of terms of trade), international fluctuations of interest rates, and so forth.
Other domestic shocks such as unforeseen political changes are thus excluded from being exogenous.
Meanwhile, all these authors highlight the difference between the concept of 'economic vulnerability' and that of 'economic resilience'. For example, Briguglio (2008) defines the resilience as the policy-induced ability of an economy to recover from or adjust to the negative impact of adverse exogenous shocks and to benefit from positive shocks. Thus defined, economic resilience may take the form of higher savings and investments which may occur in the wake of pronounced uncertainty and may enable small island states to achieve high levels of economic development (Cordina, 2004) . Guillaumont (2009) considers economic resilience as the capacity of a country to react to shocks. He underscores that this resilience depends more on current policy, is more easily reversed, and is less structural but may also comprise a structural element 6 . Briguglio (2003) develops the notion of the 'Singapore Paradox', according to which many small island states, in spite of their economic vulnerability, manage to generate a relatively high GDP per capita when compared to other developing countries. To explain this phenomenon, Briguglio (2003 Briguglio ( , 2004 ) takes the case of Singapore which experiences high rates of economic growth and high GDP per capita despite its high exposure to external 6 According to Guillaumont (2009) a distinction close to this three components is given in Rodrik (1999) who, in looking at the risk of social conflict in countries facing external shocks, considers the individual severity of the shocks, the depth of latent social conflict (likely to increase the impact of the shocks), and the quality of conflict management institutions.
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shocks. Hence, the 'Singapore Paradox' stems from the juxtaposition of economic vulnerability and economic (nurtured) resilience, where economic vulnerability was confined to inherent features which are permanent or quasi-permanent, while economic resilience was associated with man-made measures which enable a country to withstand or bounce back from the negative effects of external shocks.
A literature review on the measurement of economic vulnerability
In line with the definitions of economic vulnerability provided above, we summarise here the different measures of that concept. The propositions of vulnerability indices have mainly focused on the quantification of the special features of the countries by relying on indicators such as economic openness, export concentration, dependence on imports of energy and peripherality. Other approaches attempt to measure vulnerability in terms of the phenomenon, namely the variability of output and similar indicators.
The first vulnerability index was proposed by Briguglio (1993) and is composed of three variables: the exposure to foreign economic conditions, insularity and remoteness, and proneness to natural disasters. This index has been the subject of several modifications in 1995, 1997, and updated by Galea in 2003. Other authors such as Chander (1996) and Wells (1996) follow the methodology adopted by Briguglio (1995) and propose a vulnerability index which remains to a certain extent in line with Briguglio (1997 )'s. Wells (1997 revised its measure of vulnerability and uses a methodology that departs from the previous ones by relying on the idea that 'vulnerability manifested in instability in economic growth'. He then uses regression analysis to build its index. Atkins et al. (1998) also adopts the econometric analysis and show evidence that economic vulnerability captured by 'output volatility' depends mainly on the export dependency ratio, the merchandise export diversification and the vulnerability to natural disasters. Crowards (2000) also contributes to that literature by suggesting an index of economic vulnerability for developing countries which is similar to the previous ones, but is rather composed of more variables. In line with
Wells' (1997) study, the Committee for Development Policy (CDP) 7 (2000) of the United Nations (UN) developed a composite index in order to identify the causes of vulnerability of least developed countries (LDCs). By capturing vulnerability through economic growth instability, this index is a weighted average of five variables, namely the share of manufacturing and modern services in GDP, merchandise export concentration ratio, instability of agricultural production, instability of exports of goods and services and population size. The weights are obtained through an econometric analysis where the impact of each economic indicator quoted above on economic growth is examined. All these studies convey the same message according to which small states are inherently more vulnerable.
However, Gonzales (2000) criticizes these studies, arguing that their results they lead to considerable variations and contradictions due to the differences of the parameters and the methodologies employed by them.
Following the renewal growing concern over macroeconomic vulnerability of least developed countries and the demand of these countries to build an adequate vulnerability indicator which should be taken into account in the design of international development policies, the CDP has developed and progressively refined, after successive revisions (2003, 2006 and 2009) (see Cariolle, 2011; Guillaumont and Cariolle, 2011) with the UN/United Nations Department of Economic and Social Affairs (DESA). This indicator covers 128 developing countries over the period 1975-2008 (unbalanced panel data) and has the advantage of being simple, transparent and parsimonious. Moreover, several multilateral development banks are exploring whether to move from their traditional indicator to EVI for aid allocation (see Guillaumont, 2011 , for more details).
This 'economic vulnerability' is a result of three components: (i) the size and frequency of the exogenous shocks, either observed (ex post vulnerability) or anticipated (ex ante vulnerability); (ii) exposure to shocks; and (iii) the capacity to react to shocks, or resilience.
Therefore, structural vulnerability (that is, the EVI), which results from factors that are independent of a country's current political will is different from the vulnerability deriving from policy, which results from recent policy choices. In other words, an index of structural economic vulnerability is related to structural factors-not policy factors-that are beyond the present control of the country and which also influence global vulnerability, mainly through resilience (Guillaumont, 2009 ). This structural vulnerability index is a composite 8 FERDI is the 'Fondation pour les Etudes et Recherches sur le Développement International'. The method of retrospective EVI's calculation can be found in details in Cariolle (2011) and descriptive statistical analysis on the retrospective EVI can be found in Guillaumont (2011) , and Guillaumont and Cariolle (2011) . This is why we do not find it useful to replicate this statistical analysis here and refer the readers to those articles.
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index of 'shocks' and 'exposure to shocks'; both indicators are equally weighted 9
. We display below the structure of the retrospective EVI (henceforth, EVI) where the weights of indices are in brackets.
Structure of the EVI
-Smallness (50%) -Location Index (Remoteness) (50%) Exposure Index (50%) -Specialization Index (Merchandise Export concentration and share of agriculture, forestry and fisheries) (25%) Shock Index
-Natural Shock Index(Homelessness due to natural disasters; instability of (50%) agriculture production) (50%) -Trade Shock Index (Instability of exports of goods and services) (50%) Guillaumont et al. (2011) 
Data analysis
Our study covers a sample of 14 CFA Franc Zone countries 10 over the period 1980-2008. Within this group, eight countries belong to WAEMU 11 and six to ECCAS 12 . Graph 1 in the Appendix compares the evolution of average total public debt with the average economic vulnerability index (EVI) for CFA Franc Zone countries. This graph suggests a strong correlation between average EVI and average total public debt over time.
Graph 2 illustrates the empirical distribution of the duration of 'non-excessive debt' spells, the latter being the time spent by a given CFA Franc Zone country within the state of 'nonexcessive debt' (i.e., before entering 'excessive debt'). This analysis provides an insight into the durations of 'non-excessive debt' spells for this monetary zone. We plot on the x-axis the observed spell lengths and on the y-axis the proportion of observations where the observed spell of non-excessive debt exceeds a given length. Note that of the total of 50 spells, there are 21 spells of 'excessive debt', or 42% of all spells.
9 See for example Guillaumont and Cariolle (2011) Graph 2 also suggests for the CFA Franc Zone that among the spells of non-excessive debt and over the period 24 .14% enter into a state of "excessive debt" after the first year of non-excessive debt. After five years, more than half (58.6%) of spells enter into a state of 'excessive debt'. The figure is approximately 76% after 8 years and approximately 96.55% after 14 years. Note that no spell lasts between 9 and 11 years and between 15 and 28 years.
In addition, only one spell lasts 12 years, one, 13 years, four spells last 14 years and finally only one lasts 29 years. We can thus conclude that whereas a small proportion of spells of non-excessive debt' are long-lasting, the most important 'non-excessive debt' spells last only a few years. Thus, CFA Franc Zone countries seem to display a high tendency to enter an 'excessive debt' state. Section 5 presents the traditional accounting mathematical model of the sustainability of public finances.
Sustainability of public finances
Since the purpose of our study is to examine the effect of economic vulnerability on the total public debt, we start with the standard public finances sustainability model and then derive the appropriate model that will help us perform our regressions. Although there is no consensus among economists regarding the public debt threshold that maintain the public debt path sustainable, the empirical literature distinguishes between three main approaches 13 used to assess the public debt sustainability. These approaches have been discussed in IMF (2003) (see also Vera, 2009 ).
The first and most common approach starts from the basic accounting identity (or Domar's approach) and links the changes in the debt stock to public sector revenues and expenditures.
According to this approach, fiscal policy is sustainable if it delivers a stable ratio of public debt to GDP. In other words, if the actual primary balance is less than the debt stabilizing balance, current fiscal policy that implies an increasing ratio of public debt to GDP is viewed as unsustainable. This approach allows calculating the so-called "debt stabilizing primary balance" which is the primary balance that would make the debt-to-GDP ratio stable. Hence, the degree of the needed fiscal adjustment stems from the difference between the actual and debt stabilizing primary balance. The second approach (a more flexible one) refers to the called Present-Value Constraint (PVC) approach. It assesses the debt sustainability within the context of the broader objectives and constraints of the fiscal policy decision-making process.
For example, it consists in estimating fiscal policy reaction functions where the relationship between fiscal policy instruments and fiscal policy objectives (such as the stabilization of output fluctuations, the maintenance of debt sustainability) is examined. Hence, if the primary balance responds positively to public debt, this generally implies that fiscal policy is consistent with long-run solvency (see Bohn, 1998) . The third approach to assessing public debt sustainability is to examine whether the government is "overborrowing", that is, its debt stock is higher than the present discounted value of its expected future primary surpluses.
However, irrespective of the conceptual approach adopted, the fundamental block of the fiscal sustainability corresponds to a simplification of the government budget constraint (Vera, 2009 
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By assuming that the government finances its deficit only by issuing debt (that is, other financing items such as seigniorage revenue, privatization proceeds, and the sales of public assets are excluded), this mathematical model can be written as follows (see Vera, 2009 ):
(1) where t b denotes the ratio of the total public debt to GDP (Gross Domestic Product) and ∆ represents the symbol of variation; t i is the real interest rate; g is the real GDP growth rate; τ and φ are respectively the ratio of total tax revenue over GDP and the ratio of total government consumption (excluding interest payments on the total public debt) over GDP.
The equation (1) shows that if the primary surplus ratio is equal to zero, the debt-to-GDP ratio will grow or shrink at the rate ) ( g i − , within a framework where it is assumed that there is a level beyond which the debt-to-GDP ratio cannot or should not rise. Under this situation, unless there is a sufficient amount of primary budget surplus, the public debt ratio increases when the real effective interest rate on government debt exceeds the growth rate of GDP (that is, when the growth-adjusted real effective rate is positive). In other terms, the Domar's condition for debt stability (and thus fiscal sustainability) can be held when the real GDP growth rate is higher than the real interest rate, even if the primary balance continues to be just zero.
To estimate the effect of structural economic vulnerability on public debt in CFA Franc Zone countries, we rely in this paper on the mathematical model of fiscal sustainability underlying that fundamental block.
Model specification
In the previous model of fiscal sustainability, we assume that the budget deficit is financed only by debt creation. We now relax this hypothesis and consider the additional financing items that can add to government revenue (non-tax revenues) such as seigniorage revenue, privatization proceeds, and the sales of public assets. To take into account such items in the equation (1), we define the primary balance not as the difference between tax revenue and the government spending, but rather as the difference between the overall government revenue (excluding grants) -comprising several items (non-tax revenue) -and non interest (primary) expenditure.
Our model relies thus on the equation (1) augmented with our variables of interest (the EVI or its components), and other control variables which are likely to influence both the variables of interest and the dependent variable (the overall public debt).
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We first present our model specification and discuss the expected signs of the covariates and finally the econometric technique.
The model specification
In this sub-section, we describe the model that allows us to examine the effect of the structural vulnerability of CFA Franc Zone countries in their probability of excessive indebtedness. More specifically, the model examines the probability of a country breaching the 70% of GDP debt rule (that is, leading to excessive public debt). The structural model is stipulated as follows:
=1 if >70%, and =0 if <=70% vector it x represents the structural economic vulnerability variables (that is, the EVI or its components) as well as a set of other control variables which act as (economic) resilience-related variables which are supposed to influence the impact of EVI on the probability of excessive debt.
These variables include the fiscal balance (in percentage of GDP), the real GDP growth rate, the terms of trade, the real effective exchange rate, the grants (as a percentage of GDP), the inflation rate (captured here through the GDP deflator), and a dummy variable representing the period since the entrance into force of the ''Pact of Convergence, Stability, Growth and Solidarity'' within the zone franc. The definition and the source of these variables are provided in the Appendix A. it ε is an error term.
Discussion on the expected signs of the explanatory variables
Before starting the discussion of the expected effects (signs) of our explanatory variables, let us highlight one important pitfall regarding both the linear and the nonlinear model. Indeed, for the model's parameters to be consistent and efficient, our regressors should be predetermined with respect to the dependent variable. In our case, to avoid any suspicion of endogeneity issue related to simultaneity bias between certain regressors and the dependent variable, we use in the model where it appears necessary the lagged values of the explanatory variables (especially for the variables 'fiscal balance', 'real economic growth', 'inflation',
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grants-to-GDP ratio' and 'real effective exchange rate'). While this precaution could at least mitigate the simultaneity bias in any model like ours, in our specific case, the dependent binary variable is defined by institutional rules rather than by economic variables. As a result, there is likely no simultaneity bias and, the endogeneity issue will not thus be a problem.
Nevertheless, to take into account such eventual problem along with the delay in processing some economic data, we do consider the previously quoted one year lagged variables in our different model specifications.
Now what about the expected effect of each explanatory variable?
The EVI's variable
In analyzing the effect of economic vulnerability on economic growth, Cordina (2004a, b) shows that increased risk can adversely affect economic growth as the negative effects of downside shocks would be commensurately larger than those of positive shocks. Furthermore, he presents a conceptual application of the "Singapore Paradox" approach and shows evidence that in response to a situation of vulnerability, saving and capital formation in an economy can be important sources of resilience. Guillaumont (2009) also discusses the effects of the (retrospective) EVI on economic growth and poverty and concludes that the EVI reduces economic growth and, through the latter, exerts deleterious effects on the pace of poverty reduction. These impacts occur through the channels of export earnings instability, the primary instabilities (especially through their effects on public finances or via the passed through of price fluctuations to producers), political instability, the smallness of the country, the structure of the economy and the location of the country.
More recently, Ferrarini (2009) Thus, by challenging the NDSF prospects whose aim is to solve the long-standing debt crisis 14 The Economic Vulnerability Indicator (EVI) used is that of United Nations Department of Economic and Social Affairs -Division of Sustainable Development.
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involving many of the LICs, the author concludes that "the NSDF is bound to distort aid allocation away from the country-specific circumstances which truly matter for the achievement of debt sustainability".
In our case, we argue the following: the structural vulnerability, by reducing tax revenue (unless the government increases taxes after an exogenous shock or when its exposures to shocks rises, though such measure is politically sensitive and difficult to implement) and increasing government spending is expected to increase the budget deficit. We hypothesise that, irrespective of its effect on the public finances (the budget balance), the structural vulnerability of a country is expected to increase its public indebtedness and thus to raise the probability of excessive indebtedness (especially in the case of CFA Franc Zone countries).
However, one can think that when a government experiences a higher structural vulnerability of its economy, instead of borrowing even at low cost to cope with the additional financial needs induced by such rise in structural vulnerability, it can rely on non-costly financial means such as the privatisation proceeds, the seigniorage both, a CFA Franc Zone country has several options apart from resorting to indebtedness to accommodate the additional costs induced by a such rise in structural vulnerability: the first option is to adjust its fiscal policies by either increasing taxes or reducing public spending or adopting both measures (taxes rise and expenditures reduction), although, as we mention above, these measures could be politically difficult to implement; the second option consists on using the non-costly means of financing (previously quoted) that are available to them.
Note however that only the ECCAS countries can use seigniorage to finance their expenditures as this measure is forbidden in WAEMU area. The third option is for these countries to seek for debt relief granted by the creditors.
Therefore, we can have two main expectations regarding the nonlinearity of the EVI with respect to the probability of excessive debt in CFA Franc Zone countries:
Hypothesis 1: we expect the public debt not to be affected or even to be reduced in the first stages of EVI increases (in the cases of fiscal adjustment or drawing on non-costly means of financing or debt relief), but as EVI becomes higher, these countries will have no choice but to resort to domestic and/or external debt. As a result, we expect a positive sign of the variable 'EVI square' (or the square of the components) and a negative sign of the coefficients associated to 'EVI' or its components. These coefficients may be statistically insignificant.
Hypothesis 2: we also expect the likelihood of excessive public debt to rise in the first stages of EVI (if the countries choose to borrow internally or abroad to accommodate the EVI increases) and then to decline for higher EVI, because of the debt relief granted by creditors or the use of non-costly financial resources or also the adoption of fiscal adjustment measures.
Hence, the sign of 'EVI' or its components will be positive and that of its square or its components' square will be negative.
The fiscal balance: as mentioned above, we expect an improvement in the fiscal balance to reduce the overall public debt and thus the probability of excessive debt. If the EVI (or its components) effect translates through the fiscal balance, the impact of the latter on public debt will be statistically nil. However, we acknowledge that a statistically nil effect of fiscal balance may not necessarily be due to the presence of the EVI or its components in the model, but may also be explained by the effect of other control variables of the model that influence the fiscal balance (e.g. economic growth; the terms of trade).
The real GDP growth: the indebtedness of a country is expected to rise following losses in output, that is, lowering of real GDP growth (see also Barro, 1979) . Accordingly, the real
GDP growth is expected to be negatively associated with the build-up of public debt and accordingly, with the likelihood of excessive debt.
The real effective exchange rate
The real effective exchange rate (REER) indicates a country's competitiveness. In our case, a rise in the REER means an appreciation and a decline means depreciation. The effect of the real effective exchange rate on the overall public debt of a country depends on its effect on the domestic and external debt.
Regarding the domestic debt, on the supply side, its issuance may be easier to countries when the currency is appreciating because the expected appreciation allows prudent policymakers to hide the implicit insurance premium embedded in domestic currency borrowing (Caballero and Cowan, 2006; Panizza et al., 2011) . On the demand side, a real appreciated exchange rate is, at any given interest rate, likely to discourage the demand of domestic currency bonds as investors may foresee an ex-post appreciation of the foreign currency rate (a real depreciation of local currency) (see also Panizza et al., 2011) . Furthermore, in terms of valuation effects, a real effective exchange rate appreciation (depreciation) automatically induces a higher (lower) domestic indebtedness of the government.
With respect to the external public debt, the effect of REER changes on its build-up is also ambiguous. In fact, a real exchange rate depreciation will lead to a declining of the external debt stock if the induced rise in export earnings of this depreciation is sufficiently enough to service the external debt; otherwise, the depreciation of the REER will result in a rise of external indebtedness (Craigwell et al., 2010; see also Ng'eno, 2000) , and hence the likelihood of excessive debt.
Overall, we cannot conclude a priori about the effect of REER changes on the probability of excessive debt.
The terms of trade
An improvement in terms of trade (an increase in the relative price of exportables for a country) is likely to increase the export (foreign) revenues of the beneficiary country, reduce current expenditures and therefore improve the fiscal balance. Note that the reduction effect of public expenditures owe to the terms of trade improvement appears through a relative decline in the price of inputs (in the cases where imports represent an important share of expenditures -which is usually observed in many developing countries and a fortiori, in CFA Franc Zone countries). Furthermore, such improvement in terms of trade, by increasing the halshs-00749470, version 1 -7 Nov 2012 economic growth may also reduce the need for social assistance from government and in fine, add to the reduction of current expenditures. Thus, an improvement in terms of trade is expected to be positively related to lower external and /or domestic borrowing and by the same token, to a low probability of excessive debt.
Conversely, a decline in terms of trade, by lowering revenue, increasing (substantially) public spending and thus worsening the fiscal balance, will likely result in higher total public debt.
As a result, the likelihood of excessive debt will rise. The positive effect of such terms of trade deterioration on public expenditures translated through for example, the rise of social assistance needs, and the high demand by public enterprises of support from the government because they cannot adjust their pricing policies to changes in export and import prices.
The grants
According to Cline (2003) , in low-income countries (LICs), the grants elements (foreign grants, which represent a substantial fraction of GDP), are available to pay some part (or all)
of the interest due on debt, and can consequently modify our previous debt sustainability. This is why we include in our model specification the foreign grants as a percentage of GDP. We thus expect the grants to alleviate the burden of indebtedness of developing countries-that is, to exert a negative effect on chance of entering into excessive debt. But we can also hypothesise that the higher the grants are for a developing country, the less it will be inclined to correctly manage its public finances to avoid unsustainable debt situations. In such instances, the grants will exert a positive effect on the total public debt.
The inflation rate
The impact of inflation on the public debt depends on how the latter is distributed among domestic and foreign creditors. In the case of developing countries and specifically in CFA Franc Zone countries, where usually a substantial part of the public debt is denominated in foreign currency, the inflation impacts directly the domestic debt-to-GDP ratio and indirectly the ratio of external debt to GDP through the real effective exchange rate.
A rise in inflation erodes the real value of the domestic debt hold by creditors and the effective debt ratio, unless all domestic debt is indexed to prices or foreign currencies (though according to Panizza et al., (2011) , in such cases inflation can debase indexed to prices if the government tinkers with the price index), a government can inflate away the domestic public debt by money creation, with the result of this inflating away of debt depending on the share of debt that is indexed to inflation. Although such policy measure can be implemented in halshs-00749470, version 1 -7 Nov 2012
ECCAS, it can't in WAEMU (see above). Panizza et al. (2011) 16 also point out the exceptional case where inflation can lead to a rise of public debt: in the case of a country facing a real appreciation (that is, where inflation outweighs the currency depreciation) and where a large share of domestic debt is indexed to inflation, the valuation effects will create a positive link between inflation and domestic currency debt.
Discussion on the choice of appropriate econometric technique
Since our dependent variable is binary (a dummy), we have to choose between two kinds of models: a linear probability model (LPM) and a non-LPM (logit or probit model). Whereas in LPMs, the probability of success and failure is considered to be a linear function of the covariates, in logit and probit models, the expected probability is an increasing non-linear function of the explanatory variables. However, compared with nonlinear models, there are several concerns regarding LPMs.
First, the marginal effect induced by a unit of variation of each covariate in an LPM is constant, whereas in nonlinear models it varies with each unit.
Second, in contrast to non-LPMs, the predicted probabilities of success or failure in an LPM may lie out of the interval [0,1]. On one side, Wooldridge (2002: 455) highlights that 'if the main purpose is to estimate the partial effect of the explanatory variables on the response probability, averaged across the distribution of these covariates, then the fact that some predicted values are outside the unit interval may not be very important. The linear probability model needs not provide very good estimates of partial effects at extreme values of the covariates'. In the same vein, Cameron and Trivedi (2005: 495) mention that ordinary least squares (OLS) estimations of such models provide a good guide to which variables are statistically significant. Ree and Nillesen (2009: 306-307 ) also emphasise that 'the probit/logit and LPM often produce rather similar outcomes because the conditional distribution function tends to 'look' rather linear around its expected value, while at the same time, most draws from any conditional distribution are 'close' to the expected value'. On the other side, Horrace and Oaxaca (2006) point out that OLS estimates of LPMs, where the predicted probabilities are outside the unit interval, may lead to biased and inconsistent estimates. They propose the sequential least squares (SLS) procedure as a way of remedying this problem. These iterative procedure first trims from the data those OLS estimate observations with predictions lying outside the unit interval. Based on these estimations, the data are trimmed again and the model re-estimated. The procedure is repeated until no predictions are outside the unit interval and the SLS estimates are thus obtained.
Third, the problem of heteroskedasticity is likely to arise, leading to unbiased but inefficient coefficients (i.e., the standard errors are not valid for constructing confidence intervals and tstatistics). Weighted least squares are said to provide efficient estimates (Mullahy, 1990) , but hold the disadvantage of having worse finite sample properties than OLS; further, the inferences based on asymptotic theory can be misleading (Alton and Segal, 1996) 17 . To overcome this difficulty, we use OLS with heteroskedasticity-robust standard errors (i.e.,
White's correction of heteroskedasticity).
Despite the above-mentioned drawbacks, LPMs have the particular advantage of facilitating the interpretation of the coefficients of interaction variables, whereas such an interpretation is not straightforward in logit or probit models. Indeed, Ai and Norton (2003) 18 show that the marginal effect of an interaction term in nonlinear models, as provided by standard econometrics packages, may hold the wrong sign and significance and, consequently, cannot be interpreted as such. Greene (2010) 18 According to these authors, the interaction effect is based on cross-partial derivatives with respect to the two interacted variables, which makes the sign and significance of the interaction term different for observations. They thus recommend relying on these derivatives and using the Delta method to assess the statistical significance of the marginal effect associated to the interaction term.
partial derivative of the probability of occurrence with respect to interacted covariates can have the sign opposite to that of the interaction term coefficient'. They argue that this is because of a mechanical saturation effect
19
, which is irrelevant for researchers primarily concerned with proportional marginal effects. For such researchers, small changes in probability are more important near the boundaries than they are near the centre. Kolasinski and Siegel (2010) conclude that the interaction term coefficient (provided by nonlinear logit or probit regressions) remains a valid measure of interaction because it is already purged of the saturation effect. Consequently, they suggest researchers who are not concerned with the saturation effect, use it as such, while others (those for whom the mechanical saturation effect is important) use Ai and Norton's (2003) measure of interaction.
In the case of only one interaction effect, researchers may use the easy fixes provided by standard econometrics packages (e.g., the use of 'inteff' ado-files in Stata) or the Delta method to obtain the interaction term in nonlinear models. However, these fixes become unusable in the case of double interaction effects ('inteff3' ado-files are available in Stata for the interaction of three dummies, but not for dummy(ies) and continuous variable(s)).
Moreover, even using the Delta method to calculate standard errors, the computation becomes burdensome (as in our case here) with many interactions, especially with covariates 20 having high-order terms.
For all these reasons and given the ongoing discussion on the best way of obtaining good interaction terms and interpreting them in nonlinear models, we rely in this study on nonlinear models to perform our analysis and only use LPMs for interpreting interaction terms. In other words, the nonlinear model estimations allow us to interpret solely the non-interacted variables, while the LPM estimation allows us to interpret the coefficients of the interaction variables.
However, we still have three concerns. The first concern relates to the choice of fixed or random effects to model unobserved heterogeneity, the second focuses on which nonlinear 19 Kolasinski and Siegel (2010) explain why saturation effects might not be economically relevant in certain contexts. They particularly show that, under general conditions, the saturation effect guarantees that the Ai and Norton measure of interaction will have the opposite sign from the interaction term coefficient, as one or more of the covariates take on extreme values. 20 In our case, these interaction variables include the square of this covariate, the interaction of this square with a dummy variable and the interaction of this covariate with another explanatory continuous variable of the model.
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model (logit or probit) is suitable for our analysis and the third relates to the handling of temporal duration dependence.
-First, we use fixed effects, which capture heterogeneity among countries as well as the likely importance of unobservables correlated with the error term in determining the probability of excessive public debt, rather than random effects for two main reasons. First, since our sample is composed of heterogeneous countries, state-invariant and unmeasured factors (e.g., political, financial institutions, the degree of creditworthiness, etc.) are likely to be correlated with the error term in determining the evolution of the public debt-to-GDP ratio.
Second, our macro panel contains the whole population of CFA Franc Zone countries (i.e., WAEMU and ECCAS countries) rather than a random sample from a much larger universe of countries where the use of random effects may be more suitable.
-Second, estimating standard dummy variables in a fixed-effects logit model 21 using the unconditional Maximum Likelihood method can pose the incidental parameters problem, which presents significant challenges for obtaining unbiased parameter estimations.
According to Neyman and Scott (1948) , who first raised the issue of incidental parameters, the inconsistency of incidental parameters (fixed effects) arises because the number of incidental parameters N increases without bounds while the amount of information about each parameter is fixed. Hence, estimating a nonlinear model (especially an unconditional fixed-effects logit model) in large but narrow panels (with T fixed and N, the number of groups, growing infinitely) using the maximum likelihood method leads to severe bias (inconsistency) in the fixed effects and in the coefficients of the other control variables. This bias in the parameters is of the order of 1/T for balanced panels (Greene, 2011) and thus disappears as T becomes large. However, it is unclear which exact order of T produces unbiased estimates. Katz (2001) judges the performances of unconditional and conditional maximum likelihood estimators in fixed-effects logit models based on finite-sample properties where N units have been observed for T time periods. He shows evidence through a series of Monte Carlo experiments that for the time periods T ≥ 16, unconditional and conditional maximum likelihood lead to the same 21 Note, however, that unconditional fixed-effects probit models are biased. In addition, the conditional fixed-effects model is not suitable in our case because only countries that display some heterogeneity in the outcome variable are taken into account in estimating the model. The requirement is binding in this setup given the small size of the cross-section dimension of our panel and the fact that for certain countries, the dependent variable takes either 1 or 0.
results. Further, Greene (2011, p. 621) illustrates in Monte Carlo simulations using a sample of N = 1000 with 200 replications that the bias of parameters is only about 6.9% when T = 20, but as large as 100% if T = 2. In this paper, our nonlinear model is estimated by relying on the unconditional fixed-effects logit model and, given the above discussion, the incidental parameter is not a problem in our case, as the temporal dimension of our panel is T= 29 years.
Third, a concern when dealing with binary time-series cross-section models is how to model the temporal dependence (Beck et al., 1998) , since in such situations, ordinary logit or probit models may result in too many inferences (too high t-statistics). The empirical literature offers several approaches to deal with the temporal dependence issue in such models: temporal dummy variables for each episode or 'spell' or specific transformations of time (duration variable) as covariates in the model (for e.g., a 'linear' time variable). Beck et al. (1998) show evidence that panel logit data are identical to grouped duration data and suggest dealing with this problem by adding a series of dummy variables to the model. These dummies should capture the number of years since the previous occurrence of an 'event'.
However, according to them, this solution has the drawback that it leads to an important loss of degrees of freedom (owing to the large number of dummy variables) and makes the hazard rate function likely to zig zag over time. Consequently, Beck et al. (1998) propose replacing the dummy variables with a smooth function based on 'natural cubic splines'. This vector of spline-based variables, which are cubic polynomials of the time (t), smooth out the coefficients and the hazard function based on them. Hence, the number of spline variables will be lower than the number of time dummies; further, the statistical significance will be easier to achieve and the time dependence of the hazard function straightforward to test (see also the application of this technique in the recent paper by Castro and Martins, 2012) . In this paper, we model the temporal dependence by using the 'natural cubic splines' as proposed by Beck et al. (1998) . Moreover, we also follow another of Beck et al.'s (1998) suggestions by adding a variable that picks up the number of past events (e.g., the number of past episodes of non-excessive debt in our case). The inclusion of such a variable is justified by the fact that standard logit models assume 'excessive debt' states to be independent of one another, an argument which is obviously not true.
Empirical results
This section presents the results obtained from the statistical analysis (Table 1 ) and those obtained from the estimations of the different model specifications discussed above (Tables 2   to 5 ). Note that we standardise all our continuous covariates to allow meaningful economic interpretations.
Before presenting these results, we first highlight one shortcoming of this study. Although it is possible to estimate the different specifications of the model for the panel of WAEMU countries, such estimations are not possible for ECCAS sub-sample of countries either by the use of the logit model (the results do not converge) or by the use of the trimmed sample for the LPM (because in trimming the data, we are left with few observations, which prohibits statistical inferences). This shortcoming of the cross-sectional dimension of our panel prevents us from performing a graphical analysis of the interaction terms (as recommended by Greene, 2010) . Further, this is especially the case when our variables of interest (EVI and its square/or EVI components and their squares) are interacted with the dummyWAEMU to measure how the partial effect of EVI -and its square/or EVI components and their squareson the probability of excessive debt varies with a switch from WAEMU to ECCAS. Table 1 shows the results obtained from performing a fractional polynomial analysis (FPA) to find out the correct parametric form for our variable of interest (the 'EVI' predictor), namely to check the linearity of that variable with the logit model (e.g., Lemeshow, 1999, 2000) . The FPA consists of choosing between competing models by performing an
Analysis of Deviance 22
where the deviance statistics of these models are compared. The difference in the deviance between the two models is the likelihood ratio, G 2 , which has a null Chi-Squared distribution (Agresti, 2002 
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The inclusion of EVI's components in the analysis (see Tables 3, 5 and 6) allows us to explore whether the effects of 'EVI' on the chance of CFA Franc Zone countries entering into excessive debt are driven mainly by the variables 'exposure' and/or 'shock'. Nevertheless, we recognise that the effects of shocks on the probability of the excessive debt of a given country pertaining to this Zone could depend on the exposure of this country to shocks. To take into account (at least partially) the interaction between 'exposure' and 'shock', we include in the specification the variable 'exposureshock', which is the result of multiplying the 'exposure'
and 'shock' variables (see the details in Appendix A). Tables 2 to 5 . In addition, the magnitudes of the coefficients of the two LPMs are unexplainable differences. for the coefficient of 'EVI' and that of 'EVI square' (see the Appendix D for the derivations of the logit model to obtain the interaction term, especially when applied to the simple case of a model specification where we have both a continuous variable and its square). As this test is sufficient but not necessary (Greene, 2010) , it provides us with a good insight into the statistical significance of the 'EVI square' coefficient.
The result of this test shows that the interaction term (the coefficient of 'EVI' square) is statistically significant ( , we obtain evidence that EVI is associated with nonlinearity with 23 However, the sign and significance of certain estimates in the LPM based on the SLS procedure are identical to those of the logit model. 24 As mentioned above, according to Ai and Norton (2003) , the interaction effect is based on cross-partial derivatives with respect to the two interacted variables, which makes the sign and significance of the interaction term different for these observations.
respect to the likelihood of excessive debt in CFA Franc Zone countries. We can conclude that irrespective of the potential control variables, 'EVI' displays an inverted U-shaped curve relationship with the probability of entering into excessive debt in the CFA Franc Zone: an increase in one standard deviation of 'EVI' leads to a higher probability of excessive debt in this Zone; for higher levels of 'EVI', this probability decreases. The top point (turning point) of the 'standardised EVI' is approximately 0.50 for the LPM based on the whole sample and 0.4749 for the LPM based on the trimmed sample. As can be observed from these results, the turning points are almost the same. These results can be interpreted as follows: when the 'EVI' of these countries increases over time, they draw on their non-costly financial resources (see the details above) to cope with the additional financing needs induced by such a rise in structural vulnerability. However, after a certain level of 'EVI', these countries have no choice but to resort to either domestic or external debt, thereby increasing their likelihood of indebtedness. Hypothesis 2 thus seems to be valid here. Consequently, the same reasoning will be applied in cases where we observe a negative effect of 'EVI square' and a positive effect of 'EVI'.
In terms of the control variables, as shown by the Joint F-test on the duration dependence variables (Column [1]), there is a negative duration dependence in the behaviour of CFA Franc Zone countries compared with their likelihood of entering into excessive debt. In addition, the 'Convergence, Stability, Growth and Solidarity Pact' has lowered the likelihood of these countries entering into excessive debt compared with the period where such budgetary discipline does not exist (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) . The probability of excessive debt is also positively driven by a rise in the grants, a rise in inflation, a depreciation in the real exchange rate and a deterioration in terms of trade. Real GDP growth and the fiscal balance seem to exert no statistical effect on the probability of excessive debt in CFA Franc Zone countries. and 'exposure square' are statistically significant, although at the 10% significance level for the latter. Overall, we conclude from Table 3 's results that the nonlinearity observed for EVI with respect to the probability of excessive debt in CFA Franc Zone countries seems to be driven to a certain extent by both the 'exposure' and the 'shock' components of the 'EVI' variable. Table 4 discriminates between the impact of EVI on the probability of excessive debt in WAEMU versus ECCAS. Once again, the average partial effects associated with the control explanatory variables and shown in Column [2] display roughly the same sign, magnitude and significance as those in Table 2 . In addition, we observe as in Table 3 that an improvement in the fiscal balance increases the chance of CFA Franc Zone countries entering into excessive debt: a one standard deviation rise in the fiscal balance (i.e., 9.25%) increases the probability of excessive debt by 7.4% (although the statistical significance is only 10%). Moreover, irrespective of the model specification considered (logistic, linear probability based on the full sample or on the trimmed sample), WAEMU countries have a greater chance of entering into excessive debt than ECCAS countries. The result in Column [2] shows that holding all other covariates fixed, WAEMU countries have a 51.52% higher probability of entering into excessive debt compared with their ECCAS counterparts. Despite this difference in terms of behaviour, the inverted U-shaped relationship previously observed for EVI with respect to the probability of excessive indebtedness seems to be the same in terms of magnitude for WAEMU and ECCAS.
In Table 5 , we use the model specification for which the results are displayed in Table 4 but replace the 'EVI' variable and its square by its components and their squares in addition to the interaction between the components. The average partial effects obtained for the control covariates are roughly the same as those reported in Table 4 , except for the variable 'dummyWAEMU', where the average partial effect is higher than that in Table 4 , and for the real exchange rate variable, which is here negative and significantly related to the likelihood of excessive indebtedness of CFA Franc Zone countries. As stipulated above, we cannot interpret the interaction terms associated with our variables of interest based on the average partial effects reported in Column [2] . Evidence is shown from Column [3] of Table 5 that despite the previously observed absence of a difference between WAEMU and ECCAS countries in terms of the nonlinearity of EVI with respect to the probability of excessive debt, a simultaneous rise in both 'exposure to shocks' and 'shocks' seems to exert a higher impact in WAEMU than in ECCAS countries. Further, the coefficient of the variable 'shock square' interacted with the variable 'dummyWAEMU' is negative and significant. Since the other halshs-00749470, version 1 -7 Nov 2012
interaction variables with the 'dummyWAEMU' are not statistically significant at the 10% level, the interpretation of such results would be based on the combination of the two previous results. Hence, from the results of the LPM based on the full sample, we find that a one standard deviation increase in 'exposure' and a one standard deviation rise in 'shock' will lead to a probability of excessive debt = (-1.184+1.59) = 0.406 = 40.6% higher in WAEMU than in ECCAS countries.
We highlighted above the first shortcoming of our study. Another shortcoming is the difficulties in using a political/institutional variable. In fact, we intend to see whether the quality of governance in these countries alleviates or even renders statistically nil the effect of 'EVI' (and its square) on the probability of excessive debt and whether once taking into account this variable, the effects of our variables of interest differ between WAEMU and ECCAS countries.
For this reason, we need to introduce the variable 'quality of governance' into the model.
However, since the data on this variable are not available for many countries of our sample and given the small size of the latter, we cannot use either the logistic model or the LPM based on the trimmed sample to perform this analysis. Accordingly, to have an idea of such effect, we rely solely on the LPM based on the full sample (the data available are also not sufficient to apply the SLS procedure), the results of which are presented in Table 6 . The idea underlying the introduction of an institutional variable in the analysis is that the better the quality of institutions, the lower the build-up of public debt and thus the lower the likelihood of entering into excessive indebtedness. In addition, there is a need for developing countries that are structurally vulnerable to set up adequate institutions to promote competitiveness, build economic resilience and promote sustainable development (Farrugia, 2007) . Thus, institutions in developing countries, particularly in CFA Franc Zone countries, should be as strong as possible to reflect the governance aspects inside their economic environments.
By assuming that the variable 'quality of governance' really captures the quality of governance in these countries, the results in Table 6 show that although this variable appears with the expected sign, it is not statistically significant. Moreover, it does not affect the nonlinearity relationship between EVI and the probability of excessive debt in CFA Franc
Zone countries. The magnitude associated with this nonlinear relationship is the same for WAEMU and ECCAS countries, even if the probability of excessive debt itself is higher in WAEMU countries than it is in ECCAS countries. The results obtained for the EVI's components and their squares, as well as their interactions with the 'dummyWAEMU' variable, are consistent with the estimates in Table 5 . With regard to the other control halshs-00749470, version 1 -7 Nov 2012
variables, the likelihood of CFA Franc Zone countries entering into excessive debt seems to be driven positively by a depreciation in the real exchange rate or deterioration in terms of trade. The 'Convergence, Stability, Growth and Solidarity Pact' has exerted a negative impact on this probability, while the duration dependence remains negative and significant. The remaining control variables do not seem to be statistically significant. We conclude that if the variable 'quality of governance' really captures the quality of governance in CFA Franc Zone countries, an improvement in such quality in these countries does not affect the relationship observed between EVI and the probability of these countries entering into excessive indebtedness.
Conclusion and policy implications
By using the 'debt rule' among other criteria implemented by both WAEMU and ECCAS countries within the CFA Franc Zone for macroeconomic stability and convergence purposes, this paper assesses whether the structural vulnerability of such countries affects their indebtedness, and more particularly their likelihood of entering into excessive debt. To perform our analysis, we use the (structural) EVI jointly computed by Guillaumont et al. suggestive of a nonlinear effect of 'EVI' with respect to the probability of entering into excessive debt: for a rise in EVI, the probability of excessive debt increases in CFA Franc Zone countries; however, for higher EVI, this probability significantly declines.
The policy implications of these results is that international development institutions such as the World Bank and IMF should take into account such vulnerability in their assessment of the adequate development policies and recommendations -especially those related to debt issues -, to these countries. halshs-00749470, version 1 -7 Nov 2012 Horrace and Oaxaca (2006) . c: The Wald test and the P-Value associated concerns the logit model where all coefficients are tested to be jointly equal to zero. The F-statistic and the P-value are associated to the linear probability models.
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Quality of Governance
The quality of governance is measured by subjective indices from the International Country Risk Guide (ICRG). The quality-of-governance index from ICRG used here is an 18-point scale, created by summing the following three six-point scales: corruption in government, bureaucratic quality, and the rule of law. See the ICRG for the criteria used in coding these measures. The rationale for corruption and bureaucratic quality is obvious. The rule-of-law definition indicates that this measure reflects the government's administrative capacity in enforcing the law, as well as the potential for rent-seeking associated with weak legal systems and insecure property rights. Source: International Country Risk Guide (ICRG) Data.
Other Variables
Evisq = The square of 'EVI'; Exposuresq = the square of 'Exposure'; Shocksq = the square of 'shock'; Exposureshock = Exposure*Shock; Eviwaemu = Evi*DummyWAEMU; Evisqwaemu = Evisq*DummyWAEMU; Exposuresqwaemu = Exposuresq*DummyWAEMU; Shocksqwaemu = Shocksq*DummyWAEMU; Exposureshockwaemu = Exposureshock*DummyWAEMU.
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The transformation of (5) leads to: 
This suggests that the interaction effect (ii) Assume now that 1 x is a continuous variable and 2 x is dummy variable.
Consider the expected value function (4) where 1 x is a continuous variable and 2 x is dummy variable.
The mixed interaction effect ) ( 
The transformation of (8) The formula of the interaction effect is: 
